Ultrastructural localization of daunomycin in multidrug-resistant cultured cells with modulation of the multidrug transporter.
We localized the chemotherapeutic drug daunomycin inside cultured cells by taking advantage of its inherent fluorescence. Multidrug-resistant cultured cells, in which the accumulation of daunomycin can be reversibly controlled with verapamil to block the multidrug transporter, were incubated in daunomycin and verapamil and the accumulated daunomycin was visualized with epifluorescence optics. After fixation under a variety of different conditions to make cells permeable to diaminobenzidine (DAB), the internal daunomycin was illuminated under the fluorescence microscope in the presence of DAB. Photooxidation of DAB in sites of fluorescing daunomycin (photoconversion) resulted in intracellular deposition of oxidized DAB product. These sites were then visualized by transmission electron microscopy. In cells in which the multidrug transporter was inhibited by verapamil, daunomycin was localized in the nucleus of cells by mild fixation conditions such as formaldehyde. Increasing amounts of glutaraldehyde in the fixative caused apparent quenching of the nuclear fluorescence but still allowed fluorescence to occur in other cell organelles, which were then well preserved. Daunomycin was found in the nuclear envelope, the endoplasmic reticulum, and in lysosomes in cells in which the multidrug transporter was inhibited. Lysosomal accumulation has been previously described and was expected because of the known accumulation of positively charged molecules in organelles with low pH. However, the accumulation of daunomycin in the nuclear envelope and endoplasmic reticulum has not been previously observed. These results clearly demonstrate the utility of fluorescence photoconversion methodology for the high-resolution ultrastructural localization of fluorescent materials.